BOMNMPOC 1

lNpucnaHHoOe u3zobpa keHue cogep>xum murnu4yHbil NpUMep mpeka 3apakKeHHoU Yacmuubl
(cneBa) u obcyxxaaemnbili npumep (crnpasa). [epBbili NpUMepP 0YEHb PACTPOCMPAHEH,
morga kak Bmopol — ropasago 6osee pegkoe cobbimue. Ecnu cvumame npasoe
u3obparkeHUe mMpeKkoM 3apA>XKeHHOU Yyacmuuybl, ECMb J1U y BaC MHEHUE, KaKkue yC/10BUA
HY>KHbI, YUmMoObl 3apA>KeHHasa Yyacmuua npoussesia gaHHblU, ropa3go 6osee peakuli mpek?

OTBET

Cosmic rays can come from any direction in space, and many will have origins from
outside of our solar system. Earth’s magnetic field can impart a small influence on their
directionality but for the most part they can, and do, come from all directions. They also
come with a huge range of energies — some with much more or less than others. In order
to leave a substantial ‘footprint’ on the CCD, the particle needs to approach almost (nut
not perfectly) parallel to the front of the CCD, and has to pass through a few microns of
silicon substrate layers that are on the CCD itself. So with streaks like that big one you
sent me, the particle track probably begins in the upper-right when the CR first hits the
CCD. It then likely hits a more resistive layer of silicon on the CCD, causingitto dump a
lot of energy and create those saturation bars. Then it moves into a less resistive part of
the CCD and eventually ‘skims’ the surface of it (the lower-left ‘spattering’ part of the
track) as it exits, leaving a trail of ionized silicon atoms behind it.

Note: | am NOT a particle physicist, so this is my broad understanding of the process. Itis
quite fascinating to me though!

ABTOMATUYEKIM MEPEBO/;:

KocMunueckue nyyum Moryt npuxoanTb N3 roboro HanpaeneHUs B KOCMOCe, U MHOTUE U3
HUX UMEKOT MPOMCXOXKAEHME 3a NpeaenaMmn Hallen COTHEYHOM cncTeMbl. MarHMTHoe
none 3eMnn MOXXeT 0ka3blBaTb HEOO/bLLOE BNMAHNE HA UX HANPaBNEHHOCTb, HO B
60NbLUMHCTBE Cy4YaeB OHU MOTYT MPUXOAUTb U MPUXOAAT CO BCeX HanpaeneHunm. OHu
Tak>ke MMERT OFPOMHbIV Anana3oH SHePrmm — HeKOTopble ¢ ropa3go bonbLuen nnm
MeHbLLEN 3HEPIMEN, UeM apyrne. Ytobbl ocTaBUTb CYLLIECTBEHHbIN «cnen» Ha 3C,
yacTrua Ao/mKHa NpubIN3nTbCca NOYTU (HO HE naeanbHO) NapannesibHO NepegHen YacTu
M3C n gonxxHa NponTN Yepe3 HECKO/IbKO MUKPOH C/I0EB KPEMHUEBOM NOA/T0XKKM,
KoTopble HaxoaaTcA Ha camon N3C. Takum o6pas3oM, c NonocamMmm, TakMMKM Kak Ta
6onbLuan, KOTOPYHO Bbl MpUcanu, cnen vyacTulbl, BEPOATHO, HAYMHAETCA B MPaBOM
BepxHeM yrny, korga CR (cosmic ray; kocMmnyecku nyd) Bnepeble nonagaet Ha [13C.
3aTteM oH, BEPOATHO, nonagaeTt Ha 6onee pe3ancTmMBHbLIN cnon KpeMHua Ha M3C,
3acTaBnAA ero cbpacbiBaTb MHOIO 3HEPIMM M CO34aBaTb 3TV MONOCHI HACbILLEHNA. 3aTeEM
OH NepeMeLLaeTcAa B MeEHEe PeE3NCTMBHYHO YacTb [13C 1 B KOHEYHOM umore «CKo/1b3Ums»
10 ee NoBePXHOCMU (HUXKHAA /ieBad «pa3bpbi3ruBaroujasg» Hacmae 4OPOXKKU) NpuU
BbIXxoge, ocmas/iada 3a cobol c/ed U3 UOHU3UPOBAHHbIX aMOMOB KDEMHUA (BblAe/1IeHO
HaMu, cM. KOMMeHmapud).

MpumeyaHue: a1 HE cneunannct no onsnke yacTuu, Tak YTo 3TO Moe obLL.ee NOHMaHKne
npouecca. Ho ana MeHA 310 AOBO/MbHO YBNeKaTebHO!)

Haw koMMeHTapun: a1o Hanbonee Ba>kHaA YacTb OTBETA, MOCKO/NIbKY MMEHHO Hanmn4yue
XBOCTa npeacrtaBnaeT cobom HanbonbLUyO TPYAHOCTb ANA «TMNO0TE3bl YacTULbl». be3
Hero 3T1o 6bI10 6bl, 4ENCTBUTENLHO, PAAOBOE cobbiTME. B jaHHOM cnyyae o6bsicHeHUe




He BMOJIHE ACHOE N eC/TN CPean YMTaTenen ectb cneunanncTsl B pU3anke npotecca, To
6b1110 6bl UHTEPECHO YC/bILLIATb KOMMEHTapPUM, YTO 34€Cb MOXKET UMETbLCA B BUAY

BOMNPOC 2

3apa>keHHbIe Hacmuuybl 06bIYHO MOAB/IAFOMCA B 60/1bLLIOM KO/IUYECMBE Ha U306pa>keHU[X
rocsie co/siHeYHbIx Beribiwek. Ymo moxxem 6bimb npu4uHoU noasaeHUs ogHol Yyacmuyabl
Ha uzobpaxkeHuu 6e3 Co/IHeYHbIX BCIbILUEK?

OTBET

The particles we see from solar flares are called ‘solar energetic particles’, or SEP’s.
These are particles specifically of solar origin that are accelerated by flares. They are
quite distinct from the sporadic galactic cosmic rays that cause the ‘single’ random
events.

ABTOMATUYEKWIM NEPEBO/;:

YacTuubl, KOTOpble Mbl BUAMM BO BPEMA COTHEYHbIX BCMbILLEK, HA3bIBAIOTCA
«COJTHEYHbIMU SHEPreTUYEeCKUMUM YyactTmuamm» unu SEP. 31o yacTtuubl, MetroLne
cneumdmnyeckoe CoHeYHoe NPONUCXOXKAEHUE N YCKOpAEMble BCrblLLuKkamMu. OHU
COBEpPLUEHHO OT/IMYHbI OT CNOPaANYECKUX FaNnakTMUeCKUX KOCMUYECKUX NTyYel, KOTopble
BbI3bIBAIOT «€ANHUYHbBIE» ClTydaliHble CObbITUA.

Haw KoMMeHTapuii: B faHHOM cy4Yyae OTBeT NnpeackasyeM, Tak Kak, AeICTBUTE/bHO, B
OTCYTCTBME BCMbILLEK YaCcTULA, ECNU NMPUAEPI)KMUBATLCH 3TOr0 06 BACHEHUA, MOXXET UMETb
TOMbKO ranakTuyeckoe npoucxoxaeHue. VHbie BUAbl YacTuLl, B TOM YNCNE YaCcTULbl
CO/THEYHOTO BETPA, HE MMEOT JOCTAaTOUHOW SHEPTUN.

BOMNMPOC 3

Ecmb 1u cnocob HagexxHo om/udUmMsb c/1es 3apAXXKeHHOU Yyacmuubl Ha JemeKkmope om
perucmpayuu peasibHoro o6bekma (Hanpumep, 6os1ee 671U3Koro o6 bLekmMa,
cripoeyupoBaHHoro Ha Co/siHye: Bpauwaroueroca KOCMU4YeCKOro Mycopa u UHbIX).

OTBET

Certainly. For the most part, itis impossible for LASCO to see anything that is “close” to
the spacecraft, because the optic system cannot focus on nearby objects. Itis designed
to be focused at “infinity” (i.e., the night sky). So let’s we imagine an astronaut somehow
went to SOHO (impossible, but let’s pretend). If they put their face right infront of the
LASCO camera, they would simply block light and we would see nothing, or (actually
more likely) we would see reflections of light from their visor. But unless they stayed
perfectly motionless for the duration of the 17-second exposure, we would see nothing
but blurriness. If they moved further away from the telescope (and we will pretend their
suit does not reflect any light) they would *very* quickly become blurry and soon entirely
invisible, because they would be out of focus. The same would apply to *anything* big
that passed in front of SOHO or between SOHO and the Sun - it would either block light
entirely if extremely close, or be completely unfocussed and invisible (or, actually more
likely, reflect sunlight directly into the camera and cause a massive excess of stray light
that would completely ruin the entire image).




So we can easily rule out anything that is near to SOHO, or anything ‘shiny’ that passes
through the field at a reasonable distance from SOHO. For things that *are* in focus, i.e.
those far out in space, we know the difference between those and CRs because we can
see them for more than one image. | am sure you have seen many planets and comets in
the LASCO images - they all move gradually through the field of view over a few hours or
days. The comets are moving extremely fast — up to 400km/s or more — and yet they still
appear to be relatively slow, perhaps 3-10 pixels per image. That’s because the region of
space that LASCO sees is *vast* -- millions of kilometers — and of course it takes a long
time for things to move through it.

| believe one LASCO C3 pixel at the distance of the Sun has an apparent diameter of
something like 40,000km (56 arcsecond angular resolution for C3). So if something is
only in one image, appears to be in focus in the image, and has a pixel length of (let’s say)
50 pixels, it means that either it is something on the CCD itself (CR) - OR - it is something
approximately 2-million kilometers in size (~14 Jupiter widths!), and capable of crossing
millions of kilometers in the 6-minutes between successive LASCO images in order to
only show up in a single 17-second exposure! The laws of physics as we know them do
not support the latter at all, but they very much support and predict CRs, and the well-
documented effects of CR’s on CCD’s. So that seems the far more reasonable
explaination.

Therefore, an object in: one single image = CR; multiple images, moving slowly, and in a ~
straight line = comet/asteroid/planet.

ABTOMATUYEKIM MEPEBO/;:

KoHeuHo. No 6onbuien yactn, LASCO He MOXET YBUAETb HAYETO, YTO HAXOAUTCS
«BBNM3N» KOCMUYECKOro kKopabna, NOTOMY UTO ONMTUYECKaA CUCTEMA HE MOXKET
dokycupoBaTtbcs Ha 6nnanexawmx o6bekrax. OHa pa3paboTtaHa aAna GOKYyCUPOBKU Ha
«6eckoHeYHOoCTU» (T. €. Ha HOYHOM Hebe). NTak, naBanTe NpencTaBuM, YTO aCTPOHaBT
KakuM-To obpasom otnpaBunca B SOHO (HeBO3MOXHO, HO gaBanTe npeacrtaBmm). Ecnum
Obl OHM pacnooXXunm ceoe N1y NpsamMo nepeq kamepow LASCO, oHu 6bl NpoCTO
3abnoKknpoBanm CBeT, U Mbl 6bl HNYETO HE YBUAENU, UK (UTO Ha caMoM aene 6onee
BEPOATHO) Mbl Bbl YBUOENU OTPAXKEHMA CBETa OT X 3abpana. Ho ecnu 6bl OHU He
oCTaBanMCb COBEPLUEHHO HEMOABUXKHbIMU B TeYEHME 17-CEKYHAHOM 3KCNO3MNLNMN, Mbl
6bl HE YBMOENN HUYETO, KPOME pa3MbITOCTU. Ecnum 6bl OHM oTOLWWINKM OT Teneckona (M Mbl
MPUTBOPUMCS, UTO UX KOCTHOM HE OTpa>kaeT HNKaKoro cBeTa), OHM Bbl *ouYeHb* B6bICTPO
cTann pa3MbITbIMU M BCKOPE NOTHOCTbO HEBUANMMbIMWU, MOTOMY YTO OHW 6bINK 6bl HE B
dokyce. To >xe caMoe 0THOCUTCA KO BceMy *60nbLUoMy*, yto npotuno nepeg SOHO nnm
Mexxkay SOHO n ConHueM — oHO NMB0 NONHOCTBLIO 3a6/10KMPYET CBET, EC/IN OKa>XKETCH
o4eHb 6511M3K0, NM60 ByAeT NOMNHOCTbIO HE CPOKYCMPOBAHO U HEBUANMO (UK, YTo Bonee
BEPOATHO, OTPA3UT CO/THEYHbIM CBET NPAMO B KaMepy U BbI3OBET OFPOMHbIN N36bITOK
pacceAaHHOro ceeTa, KOTOpbI MOMHOCTbIO UCNOPTUT BCE M306paxkeHune).

Taknm 06pasoM, Mbl MOXKEM N1ETKO UCKIHOUNTb BCE, YTO HaxoauTtca pagom ¢ SOHO, nnn
BCce «bnecrallee», UTO NPOXOAUT YUepPE3 NoJie Ha pa3yMHOM paccTtosaHuu ot SOHO. na
BeLLEen, KOTopble *HaxopAaTca* B Gokyce, T. €. TEX, YTO HAX0AATCA AaNeko B KOCMOCE, Mbl
3HaeM pasHuuy Mexxay HMMu 1 CR, NOTOMy UTO Mbl MOXKEM BMAETbL UX 6onee YeM Ha
OAHOM n3obpaxkeHnun. A yBepeH, 4To Bbl BUAEN MHOTO N1AaHET N KOMET Ha
n3obpaxkeHnsax LASCO — Bce OHM NOCTENEHHO NepeMeLLLatOTCA Yepe3 NoJie 3pPEHNA B
TeUYeHMe HECKO/bKNX YacoB nin gHen. KomeTol ABMXKYTCA o4eHb 6bicTpo — a0 400 kM/c




nnn 6onee — 1 BCe XKE OHU BCE eLLe Ka)XyTCA OTHOCUTETbHO Med/IEHHbIMU, BO3MOXHO,
3-10 nukcenen Ha n3obpaxkeHne. ITo NOTOMY, YTO 06/1aCTb NPOCTPAHCTBA, KOTOPYHO
Buant LASCO, *orpoMHa* — MUINMNOHbI KWTOMETPOB — U, KOHEYHO, TpebyeTca MHOIo
BPEMEHMU, YTOObI MPeaAMETbl MPOLLNN Yepes Hee.

A cuurato, uto ognH nukcenb LASCO C3 Ha paccTtoaHun ConHua MMeeT BUANMBIN
anametp okono 40 000 kM (yrnoBoe paspeldueHmne 56 yrnoBbix cekyHa ansa C3). Tak uto
€CJ/IN YTO-TO eCTb TONIbKO HA O4HOM U3o6pakeHnmn, KaxkeTca B pokyce Ha n3obpakeHnn n
MMeeT O/INHY nuKkcens (ckaxkeM) 50 nukcenen, aTo 03Ha4YaeT, UTo NMB0 3TO UTO-TO Ha
camon N3C (CR) — N1 — 210 uTO-TO pasMepoM NpPMUMepHO 2 MUNTNOHA KM/TOMETPOB
(~14 wmnpwunH KOnutepa!) n cnocobHo nepeceyb MUMTUOHBI KWTOMETPOB 3a 6 MUHYT
Mexkay nocnegoBaTenibHbIMM N306paxxkeHmamum LASCO, utobbl MOABMTLCA TO/TbKO Ha
oAHomM 17-ceKyHaHOM akcno3nummn! 3akoHbl PU3NKK, Kak Mbl UX 3HaeM, BoobLLIE He
noaaep>kmMBaroT NocneaHee, HO OHM OYeHb NOAAEPXKMBAIOT 1 NpeackasbiBatoT CR, n
XOpoLuo aokyMeHTMpoBaHHble addekTbl CR Ha MN3C. Tak uTo 31O KaXkeTca ropasno bonee
pa3yMHbIM 06 bSACHEHMEM.

CnepoBatesnibHO, 06BEKT B: OAHOM OTAE/bHOM U3o6paxkeHnn = CR; HECKONbKNX
n306pa>keHUsAX, ABUXKYLLIMXCA MeaIeHHO 1 NO ~ NPAMON NNUHNN =
KoMeTa/actepoua/nnaHera.

Haw koMMeHTapun: XoTa naesa oTeeTa NoHATHA (6NM3KMin 06beKT Obis Obl
pacdoKycMpoBaH, a AanbHUM He ycnesn 6bl BbIIETETb 3a Npeaesbl Nona 3peHns Ha
cneayroLlleM n3obpakeHnmn), c HUM HeNb3s NMOMHOCTbIO cornacutbca. Ha opurmHanbHoM
CHUMKe «NTULbI» AfIMHa TpeKka cocTaendaeT 170 nukcenem npm BpeMeHu akcno3numm 17
cekyHa. Taknm o6pasoM, CKOPOCTb NEPEMELLEHMA «NTULbI» (6CNTN CUUTATb €€ BIN3KNM
ABMKyLLMMCA 06bEKTOM, @ HE CHUMKOM AasibHEero okos10CoIHe4YHoro) pasHa 10
nnMkKcenemn B cekyHay Npu pasmepe nsobpaxeHnsa 1024 nnkcena. OTO O3HAYAET, UTO
06beKT NepecekaeT nose 3peHns 3a BpeMs 0KO/10 2 MUHYT MO NPAMON U 3 MUHYT MO
anaroHanun. Htepean ke mexxay kagpamu coctaenan 10 MUHYT.

Tak>ke MOXXHO 3aMeTUTb, UTO EC/TN MCXOANTb U3 XapaKTePHbIX CKOPOCTEN ABUXXEHUA B
KocMoce B 10 KM/c, a Tak>)Ke y4eCTb, UTO YrroBana ANnHa Tpeka coctasnaet okono 0.5
rpagyca, a BpeMsa akcnos3unumm coctaenaet 17 cekyHa, TO pacctoaHue Ao o6bekTa paBHO
okono 20 TbicAY KM, UTO, 6€3yC/I0BHO, NCKHOYAET BO3MOXXHOCTb €ro pa3MbITUA U3-3a
nedpokycupoBKMU.

MO>XHO 3aMETUTb, UTO MO TAaKOW XKe OLLeHKE pacCcToAHME A0 BTOPOro o6bekra, KOTOPbIA U
Obl/1 BbICNAH A/11 KOMMEHTapuaA, COCTaB/AET OKO/0 5 ThiCAY KM.




